Recent studies based on unitary chiral perturbation theory (UχPT) found that the low-lying axial vector mesons can be dynamically generated due to the interaction of the pseudoscalar octet of the pion and the vector nonet of the rho. In particular, two poles in the second Riemann sheet have been associated to the nominal K 1 (1270) resonance. In this talk, we present a recent analysis of the WA3 data on K − p → K − π + π − p at 63 GeV using the UχPT amplitudes, and show that it is in favor of the existence of two K 1 (1270)'s [Phys. Rev. D 75, 014017 (2007)].
Introduction
The unitary extension of chiral perturbation theory, UχPT, has been successfully applied to study many meson-baryon and meson-meson interactions. More recently, it has been used to study the lowest axial vector mesons b 1 (1235), h 1 (1170), h 1 (1380), a 1 (1260), f 1 (1285), K 1 (1270) and K 1 (1400) 2, 3) . Both works generate most of the low-lying axial vector mesons dynamically. However, there is a surprising discovery in Ref.
3) , i.e., two poles are found in the second Riemann sheet in the S = 1 and I = 1/2 channel and both are attributed to the K 1 (1270).
Although the K 1 (1270) has been observed in various reactions, the most conclusive and high-statistics data of the K 1 (1270) come from the WA3 experiment at CERN that accumulated data on the reaction
63 GeV. These data were analyzed by the ACCMOR Collaboration 4) . As will be shown in this paper, the two-peak structure, with a peak at lower energy depending drastically on the reaction channel investigated, can be easily explained in our model with two poles for the K 1 (1270) plus the K 1 (1400).
With only one pole, as has been noted long time ago 4, 5) , there is always a discrepancy for the peak positions observed in the K * π and ρK invariant mass distributions.
2 Chiral unitary model and the two K 1 (1270)'s
In the following, we briefly describe the chiral unitary approach, while detailed formalism can be found in Refs. 1, 3) . In the Bethe-Salpeter formulation of the unitary chiral perturbation theory 6) , one has the following unitarized amplitude:
)G is a diagonal matrix with the l−th element, G l , being the two meson loop function containing a vector and a pseudoscalar meson:
with P the total incident momentum, which in the center of mass frame is ( √ s, 0, 0, 0). The loop function G l can be regularized either by a cutoff or by dimensional regularization. In the former case, one has cutoff values, whereas in the latter, one has subtraction constants as free parameters, which have to be fitted to the data. The tree level amplitudes are calculated using the following interaction Lagrangian 7) :
where Tr means SU(3) trace and ∇ µ is the covariant derivative defined as
where [, ] stands for commutator and Γ µ is the vector current
f P . In the above equations f is the pion decay constant in the chiral limit and P and V are the SU(3) matrices containing the pseudoscalar octet of the pion and the vector nonet of the rho. Fig. 1 shows the modulus squared of the S = 1, I = Table 1 . From Fig. 1 , the two poles are clearly seen: the higher pole manifests itself as one relatively narrower resonance around 1.28 GeV and the lower pole as a broader resonance at ∼ 1.20 GeV.
The effective couplings for the coupled channels φK, ωK, ρK, K * η and K * π, calculated from the residues of the amplitudes at the complex pole positions, are tabulated in Table 1 for both the lower pole and the higher pole, respectively. It is clearly seen that the lower pole couples dominantly to the K * π channel while the higher pole couples more strongly to the ρK channel.
If different reaction mechanisms favor one or the other channel, they will see different shapes for the resonance. More importantly, it is to be noted that not only the two poles couple to different channels with different strengths, but also they manifest themselves in different final states. In other words, in the ρK final states, one favors a narrower resonance around 1.28 GeV, while in the K * π final states, one would favor a broader resonance at a smaller invariant mass.
Studying the WAdata with the UχPT amplitudes
The reaction K − p → K − π + π − p can be analyzed by the isobar model as
Therefore, one can construct the following amplitudes to simulate this process. Assuming I = 1 2 dominance for K * 0 π − and ρ 0 K − as suggested by the experiment one has
where t ij are the coupled channel amplitudes obtained in Section 2 and the Clebsch-Gordan coefficient To contrast our model with data, it is necessary to take into account the existence of the K 1 (1400), which is not dynamically generated in our approach. Therefore, we add to the amplitudes in Eq. (5) an explicit contribution of the K 1 (1400)
,
where g K * π and g ρK are complex couplings, and M and Γ(s) are the mass and width of the K 1 (1400) with the s-wave width given by
q(s) and q on are calculated by
In our model, Eq. (6), we have the following adjustable parameters: a, b, g K * π , g ρK , M and Γ 0 . In principle, f and a(µ) can also be taken as free parameters. One can then fix these parameters by fitting the WA3 data (see Ref. 1) for details). According to Ref. 8 ) , for an s-wave resonance, the theoretical differential cross section can be calculated by
where M is the invariant mass of the K * π or ρK systems, c is a normalization constant, T is the amplitude specified above for the K * π or ρK channels and q is the center of mass three-momentum of K * π or ρK. We have taken c to be 1, or in other words, it has been absorbed into the coupling constants a, b, g K * π and g ρK . The theoretical invariant mass distributions calculated with Eq. ( 9) are shown in Fig. 2 in comparison with the WA3 data 4) . From Fig. 2 , it is clearly seen that our model can fit the data around the peaks very well. In Fig. 2 , the dashed and dotted lines are the separate contributions of the K 1 (1270) and the K 1 (1400). One can easily see that the K 1 (1400) decays dominantly to K * π, which is consistent with our present understanding of this resonance.
